Abstract Seventeen year old boy, a case of relapsed acute lymphoblastic leukemia 10 years post allogeneic transplantation, presented to us with acute onset of right hemiparesis. The imaging revealed contrast enhancing lesion in the frontal lobe, biopsy of the same was consistent with glioblastoma multiforme (GBM). He had received total body irradiation (TBI) based conditioning regimen prior to transplant. GBM was treated with left parietal craniotomy and parietal excision of tumour, followed by radiation therapy with concurrent and adjuvant chemotherapy. Disease progressed while was on adjuvant chemotherapy and patient succumbed to his illness 8 months after the diagnosis of GBM. We report here a here unusual case of GBM in a post transplant patient who received TBI based conditioning regimen.
Introduction
Allogeneic stem cell transplant is an effective treatment for leukemia as well as other malignancies and non malignant haematological conditions [1] . Secondary malignancies(SM) are seen after allogeneic stem cell transplantation especially with the conditioning regimen which is TBI or high dose chemotherapy based [1] . The cumulative incidence of secondary tumors in post transplant period is 1 % at 10 years, 2.2 % at 15 years and 3.3 % at 20 years [2] .
Case Report
Five year old boy was diagnosed in our hospital as Pre B cell acute lymphoblastic leukemia (ALL) and was initiated on Berlin Frankfurt and Munich Pediatric (BFM) ALL Protocol. He had received cranial radiation 1,800 cGy in 12 fractions during the ALL chemotherapy protocol. When he was on maintainence chemotherapy he had CNS and medullary relapse, for which he was started on relapse BFM ALL protocol. He achieved morphological remission after salvage chemotherapy and underwent allogeneic stem cell transplant at the age of 6 years with his human leukocyte antigen (HLA) matched sister as the donor. He was given Cyclophosphamide and TBI (12 Gy in 6 fractions) as conditioning regimen prior to transplant. Post transplant he had chronic limited graft versus host disease (GVHD) involving the skin. The chronic limited GVHD was controlled with steroids and cyclosporin. He also suffered from multidrug resistant pulmonary tuberculosis 10 years post transplant for which he was treated with appropriate drugs and duration. Ten years post allogeneic transplant he presented with holocranial headache and weakness in the right upper limb and lower limb of 1 month duration. On clinical examination, he had right hemiparesis. The MRI of the brain showed a well defined heterogeneous contrast enhancing mass measuring 5.5 9 5.4 cm in the left inferior frontal region (Fig. 1) . Subtotal excision of the lesion was done and the surgical pathology specimen showed a hypercellular tumor composed of sheets of small to medium sized cells with moderately pleomorphic hyperchromatic nuclei some with prominent nucleoli and scant to moderate amount of eosinophilic cytoplasm. Several multinucleate tumor cells and few cells with a rhabdoid morphology were seen (Fig. 2) . On immunohistochemistry these tumor cells were strongly positive for GFAP and S100 with dot like and membranous immunoreactivity for CD99 and focal dot like reactivity for cytokeratin (Fig. 3 ). Cells were negative for LCA, synaptophysin, CD2, KD-1, EMA and desmin. A diagnosis of GBM was made based on the morphological and immunohistochemistry markers.
He was treated with conformal radiation therapy delivering 54 Gy in 30 fractions to the planning target volume (PTV), five fractions per week. He also received concurrent chemotherapy with T. Temozolomide (75 mg/sq m) for 42 days during RT. Evaluation of disease status 1 month post RT showed stable disease. He was started on adjuvant chemotherapy with T. Temozolomide as per the Stupp et al. protocol [3] . After three cycles of adjuvant Temozolamide, he had recurrent right paraparesis with holocranial headache. He was unable to carry out his activities of daily living. MRI brain with contrast showed disease progression; concurrently he also developed a right axillary mass. The FNAC from the axillary mass was reported as spindle cell neoplasm. Considering the dismal prognosis the patient and family decided to continue on best supportive care only. He succumbed to his illness with a survival of 8 months after the diagnosis of GBM.
Discussion
Among the late effects of the stem cell transplant, SM are of particular concern. SM are commonly classified into three groups (1) Post transplant lymphoproliferative disorder (2) Myelodysplasia and acute myeloid leukemia (3) Solid tumours (ST) [2] . The risk factors noted for solid tumors are; younger age at transplantation, exposure to radiation as part of conditioning regimen and chronic GVHD [4] . Thus one needs to be judicially using radiation in non malignant conditioning, as there have been reported cases of glioblastoma post radiation for benign lesion like tinea capitis, acoustic neuroma [5, 6] . In order to define tumor as radiation induced Cahan proposed criteria in 1948 [7] . Cahan criteria includes; (1) the tumor must originate in the previously irradiated region; (2) there must be a sufficiently long interval from irradiation and the onset of tumor; (3) the histology of the tumor must be different from the primary one; (4) the patient must not have genetic predisposition to cancer [7] . The neurological tumors (NT) reported as ST in post transplant period includes primitive neuro-ectodermal tumor (PNET), ependymoma, medulloblastoma, glioma and Our case GBM 1 6 12 Gy(fractionated) and cranial RT 1,800 cGy S194 Indian J Hematol Blood Transfus (June 2016) 32 (Suppl 1):S192-S195 CNS lymphoma [1, [8] [9] [10] [11] [12] [13] [14] . There is also correlation between NT and high dose TBI, defined as [1,000 cGy single fraction or 1,300 cGy in fractionated doses compared to either no or low dose irradiation [1, 8, 11, 12, 14] [ Table 1 ]. Witherspoon et al. summarises the incidence of SM in 5,000 post allogeneic stem cell transplant patients. Of the 103 SM, six were NT [8] . All six NT were GBM [8] . Curtis et al. studied incidence of SM in 19,229 patients who underwent allogeneic stem cell transplant, total 80 secondary cancers were documented in these patients [1] . Of these 80 SM, there were 11 spinal cord and brain tumors [1] . The 11 spinal and brain tumors consisted of four astrocytomas, six GBM and one PNET [1] . Baker et al. evaluated incidence of SM in 3,372 patients of allogeneic stem cell transplantation, 147 patients had SM, of which four were NT, one each of astrocytoma, ependymoma, glioma and PNET [9] . Kolb et al. on behalf of The European group for blood and marrow transplantation (EBMT) studied secondary cancer in 1,036 patients post stem cell transplantation [10] . There were total 53 patients who had SM of which three had NT and all three had GBM [10] . Pommier et al. studied 240 children who underwent allogeneic stem cell transplantation with TBI as conditioning regimen [11] . There were 14 cancers in 13 patients, of which three were NT [11] . The three NT included one each by medulloblastoma, GBM and CNS lymphoma [11] . Ferry et al. studied long term outcomes after allogeneic stem cell transplantation for 112 children with haematological malignancies; eight patients had SM of which three were NT, one each of glioma, GBM and PNET cerebellum [12] . Kim et al. reported a case of GBM in a patient of acute myeloid leukemia, which occurred 4 years after the autologous stem cell transplantation with TBI based conditioning [13] . Sanders et al. also reported GBM in a post allogeneic stem cell transplant patient, where TBI was used as a conditioning regimen [14] .
In our case the age of the patient was 6 years when he received fractionated TBI (12 Gy in 6 fraction) as pretransplant conditioning. He had received cranial irradiation 1,800 cGy in 12 fractions as per the protocol. He was diagnosed to have GBM after 10 years of transplant; this is time frame during which incidence of secondary tumour is more.
Conclusion
Among NT presenting as SM, glioblastoma multiforme is probably the most common. There is strong correlation seen in various studies between development of NT and age of the recepient at the time of transplant. The development of NT is correlated to total dose of radiation and whether it was fractionated or not. The incidence of NT as secondary malignancy post stem cell transplantation is rare and reporting these cases will help us to know actual incidence.
